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OPTICALLY SYNCHRONIZED SAFETY DETECTION DEVICE FOR ELEVATOR 

SLIDING DOORS 

BACKGROUND OF THE INVENTION 

( 1) Field of the Invention 

The present invention relates to an optically synchronized 
safety detection system for sliding elevator doors and a method 
for operating such a system. 

(2) Description of Related Art 

Many elevator door detection systems currently in operation 
consist of a control unit, an emitter door unit (array of IR 
emitters), and a detector door unit (an array of IR receivers). 
Door unit power regulation and supply, as well as control and 
synchronization, functions are provided by the controller unit 
via multi-wire cable assemblies. Although such systems have 
proven to be quite reliable, the systems produced using this 
approach cannot are often times quite expensive to construct and 
to operate. 

Cost analysis of these current detection systems reveal 
that, if they could be produced without separate controller 
units, overall detection system cost could be reduced by more 
than 60%. However, in order to remove the need for a controller 
unit, its functions need to be handled by the door units. Due 
to door unit size constraints, control and power supply 
functions could not simply be moved to a single door unit.* 

Cost reductions can be realized by eliminating the need for 
electrical communication between the door units, simplifying the 
interconnect cables and eliminating the need for buffering and 
related protection circuitry. However, scanning the elevator 
entrance and using separate arrays of emitters and detectors 
requires a complex scanning sequence. The operations or 
functions performed by the emitter array and the detector array 
must be carefully coordinated and synchronized. Since a one-way 
form of communication already exists between emitter door units 
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and detector door unit, in. the form of energy used to scan the 
elevator entrance, it would prove advantageous to devise a 
methodology whereby such energy can be used to perform the 
necessary communication between the door units. However, the 
scanning energy produced by the emitter unit is not continuous 
from any individual source, thus posing a problem of 
synchronizing the emitter and receiver units. 

What is therefore needed is an elevator door detection 
system wherein power supply and control functions are 
distributed to each door unit and customized for the individual 
needs of each system. It would further prove advantageous to 
eliminate the need for electrical communication between the door 
units . 

SUMMARY OF THE INVENTION 
Accordingly, it is an object of the present invention 
to provide an optically synchronized safety detection system for 
sliding elevator doors and a method for operating such a system. 

In accordance with the present invention, a safety 
detection system for a door apparatus comprises a plurality of 
linearly disposed emitters each adapted to be activated to emit 
an energy beam, and a plurality of linearly disposed receivers 
each corresponding to one of the plurality of emitters and 
adapted to receive one of the energy beams from the 
corresponding one of the plurality of emitters, wherein each of 
the plurality of receivers is singularly activated prior to 
receiving the energy beam in accordance with a scan sequence, 
wherein each of the plurality of emitters is singularly 
activated to emit the energy beam in accordance with the scan 
sequence, and wherein each activated one of the plurality of 
receivers upon receiving the energy beam deactivates and a next 
one of the plurality of receivers in the scan sequence is 
activated. 

In accordance with the present invention, a method of 
performing safety detection in a door apparatus comprises the 
steps of linearly disposing a plurality of emitters along a 
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first vertical surface, linearly disposing a plurality of 
receivers each corresponding to one of the plurality of emitters 
along a second vertical surface, activating one of the plurality 
of receivers in accordance with a scan sequence, activating one 
of the plurality of emitters in accordance with the scan 
sequence to emit an energy beam, receiving the energy beam with 
the activated one of the plurality of receivers, deactivating 
the activated one of the plurality of receivers in response to 
receiving the energy beam, and activating a subsequent one of 
the plurality of receivers as defined in the scan sequence, 
activating a subsequent one of the plurality of emitters in 
accordance with the scan sequence to emit the energy beam, and 
repeating steps e through f until each of the plurality of 
emitters and each of the plurality of receivers is activated in 
accordance with the scan sequence. 

BRIEF DESCRIPTION OF THE DRAWINGS 
A diagram of the safety detection system of the 
present invention. 

A diagram of the safety detection system of the 
present invention after the detection of a beam break. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S) 
The present invention herein describes a two dimensional 
detector for an elevator door unit wherein power supply and 
control functions are distributed to each door unit and wherein 
there has been eliminated the need for electrical communication 
between the door units. 

The apparatus of the present invention consists of a 
series of emitters located on the leading edge of a first door, 
and a series of receivers located on the leading edge of the 
second door. A first controller controls the firing sequence of 
the emitters, and a second controller controls the activation of 
the individual receivers for detecting the beam or beams emitted 
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by the emitters. The second controller also provides a signal 
to the door controller to reverse the doors in response to a 
loss of signal or detected interruption in an emitted beam. 

In the event of one such loss of signal or detected 
interruption, the doors will not close again until a complete 
scan has been performed without loss of signal or detected beam 
interruption. The scan pattern for the emitters and receivers 
is controlled independently of each other. The emitters are 
turned on and off in a known scan pattern, while the detectors 
are enabled to receive in a pattern matching that of the 
emitters, but using the energy detected from the emitters to 
synchronize the scan pattern of the detectors to the pattern of 
the emitters. In this manner, as described more fully below, 
there is eliminated the need for any kind of electrical 
connection between the emitter array and the detector array. 

With reference to Figure 1 there is illustrated the 
elevator door detection system of the present invention. Along a 
leading edge 23 of a first door 19 there is vertically arranged 
a plurality of emitters 11. Opposite the emitters 11 and 
vertically arranged along a leading edge 25 of a second door 21 
is a plurality of receivers 17. In a preferred embodiment, and 
as described below, each emitter 11 has a corresponding receiver 
15 located horizontally from the emitter. Each corresponding 
pair comprising a receiver 17 and an emitter 11 form an 
emitter/receiver pair. A representation of the energy signal 23 
produced by a single emitter 11 is shown. Note that the energy 
signal 23 emitted from a single emitter contacts more than* one 
receiver 17. 

A single emitter 11 is turned on to form an active emitter 
13 and a receiver 17 directly across from the emitter, active 
receiver 15, is turned on and remains on until it detects an 
energy signal 23. The active receiver 15 is then disabled and 
the next receiver in the scan sequence is enabled to receive. 
As used herein, "scan sequence" refers to the order in which the 
emitters 11 and receivers 17 are activated in the course of 
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completing a normal or diagnostic scan. When the next emitter 
11 in the sequence is turned on to become an active emitter 13, 
and the light path to the active receiver 15 is not blocked, the 
received energy signal 23 triggers the next receiver 17 in the 
sequence to be activated, and so on. The pattern will be 
repeated for each emitter/receiver pair. The scan sequence may 
be hard wired into each array of receivers 17 and emitters 11, 
or preferably, stored in separate controllers 31, 33 one each 
associated with the first door 19 and the second door 21. 

As can be seen, the activated emitters 13 produce a fairly 
tight pattern of light comprising energy signal 23 that can 
illuminate more than one receiver 17 at a time. Therefore, in a 
preferred embodiment, the scan sequence used to turn on and off 
the emitters 11 is one such that no two sequentially activated 
emitters 13 illuminate the same receivers 17. 

One exemplary scan sequence to achieve this goal is 
described as follows although various other scan sequences may 
be used to effectively carry out the object of the present 
invention. In the present example, there is illustrated twenty- 
six emitters 11 (emitters one through twenty-six arranged top to 
bottom) . Assume a scan sequence wherein the twenty-six emitters 
(emitter 11 one being at the top of first door 19 and emitter 11 
twenty-six being at the bottom of first door 19) are activated 
in the following sequence: one, fourteen, two, fifteen, three, 
sixteen, and continuing to thirteen, twenty-six. Likewise, the 
receivers 17 are activated in the same sequence. In the present 
illustrated example, energy signal 23 contacts the active 
receiver 15 horizontal from active emitter 13 as well as the 
five receivers on each side. However, as a result of the 
exemplary scan sequence described herein, subsequent activated 
receivers will not incorrectly receive an energy signal 23 from 
the active emitter 13. 

This is evident from the following. As illustrated, active 
emitter 13 sixteen is emitting energy signal 23 which is sensed 
by active receiver 15 sixteen as well as receivers 17 eleven 
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through fifteen and seventeen through twenty-one. After 
receiving the emitted energy signal 23, the next receiver 17 is 
activated to become active receiver 15 , in this case active 
receiver 15 four. Note that reqeiver 17 four is not included in 
receivers 17 eleven through twenty-one and is therefore not 
effected by the emitted energy signal 23. 

Each active receiver 15 waits a limited, predefined period 
of time for energy from the corresponding active emitter 13, or 
one whose energy signal 23 can illuminate the active receiver 
15. As soon as emitted energy is detected by the currently 
active receiver 15, a connection for that receiver (or beam) is 
logged, and the next receiver 17 in the scanning sequence is 
made the active receiver 15. If emitted energy is not detected 
within a certain maximum waiting period (long enough to ensure 
that expected energy should have arrived) , a beam break is 
logged, a reversal signal is sent to the door operator 37 and 
the system 10 parks (activates the "park" beam/receiver 21, 
which, t in this example, is the bottom receiver 17), as shown in 
figure 2. In a preferred embodiment, upon receipt of a reversal 
signal, the doors 19, 21 are opened. 

The system 10 then waits for M first energy" to be received 
by the park receiver 21. When energy is detected, a sync state 
is considered "primed", and the top receiver is activated, as 
shown in figure 2. When the top receiver detects energy, a 
synchronized state has been established between the emitter unit 
and the detector and normal scanning resumes. The synchronized 
state can be guaranteed to have been established, because, even 
though the bottom or park receiver 20 may receive energy from 
an emitter 11 not actually corresponding to the park receiver 
20, by the time energy is received by the bottom/park receiver 
20, the emitter sequence has progressed far enough to guarantee 
that no energy can be received by the top receiver until the 
emitter unit has restarted its scan sequence from the top. 

Once a synchronized state has been established between 
emitter and receiver arrays the normal scanning sequence begins. 
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If the entire scanning sequence is successfully scanned, without 
beam break detection, the reversal signal to the door operator 
is cleared, and normal scanning continues as previously 
described. 

As can be seen in the figures and as noted above, each 
emitter 11 can illuminate a number of receivers 17. As a 
result, each emitter in the scanning sequence must have enough 
separation from the emitter before it in the sequence, or the 
next one in the sequence, such that no detector can "see" the 
energy from any two consecutive emitters in the sequence. Also, 
if while the receiver is parked, waiting to establish or 
reestablish sync, energy is detected from an incorrect emitter 
11 in the sequence (i.e., an emitter not directly across from 
the park receiver 20) , the scanning sequence is designed so that 
at least one (falsely composed) beam will "break" before the 
entire scanning sequence has been completed, causing a "re-park 
and sync" operation, while the previously existing reversal 
signal is maintained in the active state. One preferred method 
of accomplishing this is to add to the scan sequence described 
above a perturbation. For example, after finishing the scan 
sequence described above as " . . . twelve, twenty-five, 
thirteen, twenty-six" , there may be appended a short additional 
sequence such as "one, twenty-six, one, twenty-six". 

In a preferred embodiment, additional false sync loop 
perturbations are added to the scan sequence to eliminate the 
possibility of an endless loop. Specifically, it is important 
to avoid the condition wherein a "false" sync situation "breaks" 
leading directly into another "false" sync situation which 
"breaks", leading to some previously entered "false" sync 
situation, resulting in "false" sync loops and an inability to 
establish a true sync. In such a case, the reversal signal will 
never be deactivated and the doors will hang in the open 
position, due to a continuous "obstructed" indication from the 
detection system 10. 
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While described with reference to a detection system 10 
comprising two doors 19, 21, the present invention is not so 
limited. For example, the present invention might be directed 
to a detection system 10 comprising a single door with a leading 
edge in contact, in a closed position, with a vertical wall 
along which may be vertically disposed the plurality of 
receivers 17 or emitters 11 of the present invention • 

It is apparent that there has been provided in accordance 
with the present invention an optically synchronized safety 
detection system for sliding elevator doors which fully 
satisfies the objects, means, and advantages set forth 
previously herein. While the present invention has been 
described in the context of specific embodiments thereof, other 
alternatives, modifications, and variations will become apparent 
to those skilled in the art having read the foregoing 
description. Accordingly, it is intended to embrace those 
alternatives, modifications, and variations as fall within the 
broad scope of the appended claims. 
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